by Floyd H. Bragdon, MD, who had joined the city's growing neurosurgical community in 1939. In 1952, the 2 programs were consolidated under the University of Pittsburgh at Presbyterian University Hospital, where it continues to this day. 1, 2 In 1964, Sidney Goldring (Figure 3) , MD of St. Louis, was brought on as the first Chief of the Division of Neurological Surgery. After immigrating as an infant from Poland in the 1920s, he pursued medicine at his hometown Washington University in St. Louis. Studying neurophysiology as a fellow sparked an interest that translated to a lifelong dedication to treating seizure disorders. Two years later, in 1966, Goldring returned to the institution that trained him, where he became Chair of Neurological Surgery at Washington University. 4 The department continued to grow throughout these early years, recruiting additional neurosurgeons who believed in the value of research to deepen understanding and critical thinking, in addition to emphasizing surgical innovation and precision. Harvardtrained Anthony F. Susen, MD (Figure 4 ), joined the department in 1953 and worked closely with Rowe. Susen became the second Chief of the Division of Neurological Surgery in 1966 after the departure of Goldring. Susen became the first pediatric neurosurgeon in the area, and at the time was the only pediatric-focused neurosurgeon between Chicago and New York. 5 recognition that microvascular decompression was the most effective surgical procedure for trigeminal neuralgia and hemifacial spasm. 7 During his tenure, Jannetta sponsored the development of the Center for Skull Base Neurosurgery, a long-term fixture of the department. While serving as Chair, Jannetta graduated 51 residents. 6 To date, 7 of Jannetta's trainees have become chairs of neurosurgery departments: Paul B Nelson, MD (graduated residency in 1979), Indiana University; Stephen J. Haines, MD (1981), Medical University of South Carolina in Charleston, followed by the University of Minnesota; James (Jack) E. Wilberger, MD (1984) Neurological Surgeons (AANS) William P. Van Wagenen fellowships to study abroad. He elected to spend 1 yr in training in stereotactic surgery under Erik-Olof Backlund, MD, PhD, and the Swedish pioneering neurosurgeon, Lars G. Leksell, MD, PhD. 8 Leksell was a trained neurophysiologist who helped describe the Gamma motor postural tone system. He subsequently developed the field of stereotactic radiosurgery and countless tools for neurosurgery, including the most widely used stereotactic coordinate frame. 
TWO DECADES OF GROWTH
The 80-yr rise of Pitt Neurosurgery can be illustrated by comparing several aspects of the department now to the department described in the prior retrospective review published in 1998. 
Case Volume and Faculty
Since 1998, the patient care case volume has skyrocketed, rising from just over 3400 to more than 10 000 by 2017 (Figure 9) , making it the largest academic neurosurgical provider in the country. 13 The case breakdown has evolved as well ( Figure 9 ). Although numbers across the board showed a steady increase, functional surgery, radiosurgery, endonasal skull base, endovascular, and spinal procedures have been volume leaders based on the continuing center of excellence paradigm established in the 1980s.
To accommodate the increased clinical volume, a steady expansion of faculty and residents has occurred. In 1996, the department had 6 professors, 7 associate professors, and 10 assistant professors ( Figure 10) . As of 2017, those numbers had increased to 9 professors, 12 associate professors, 15 assistant professors, plus an additional 20 neurosurgeons serving as clinical professors at various academic ranks. In addition, faculty in critical care medicine, orthopedic surgery, and neurology obtained joint appointments in neurosurgery. The full-time research division has seen similar growth based on the expansion of federal, corporate, and foundation funding, with total departmental funding topping 10 million dollars in fiscal year 2016. As a result, the full-time research faculty grew from 3 members in 1996 to 17 in 2017. 
Medical School
The medical school's Neurosurgery Interest Group (NSIG), profiled in the 2016 Winter Young Neurosurgeons Committee Newsletter of the AANS, comprises over 40 medical students under the mentorship of faculty advisor, Raymond F. Sekula, MD, MBA, and resident advisor, Nitin Agarwal, MD. Students have published over 15 academic peer-reviewed publications. 14 The NSIG recently developed the school's first neurosurgery mini-elective "Brain and Blade: The World of Neurosurgery." This course provides didactic instruction on neuroradiology, neuroanatomy, stereotactic radiosurgery, and cerebrovascular surgery among others, in addition to offering practical experiences in the anatomy lab performing lumbar punctures, gaining initial exposure to endoscopic endonasal tools, and placing external ventricular drains in cadavers.
Residency
With the approval of the UPMC Graduate Medical Education Committee and the Accreditation Council for Graduate Medical Education Residency Review Committee, the Pitt residency program has gradually increased the accredited spaces per year from 2 in 1971 to 4 in 2015. The University of Pittsburgh was named the most productive in the nation in terms of physicians staying in academic neurosurgery in 2011. 15 In 2015, a 5-yr study covering 2009-2013 in the Journal of Neurosurgery (JNS) found the university to be the third most productive institution in the country by combining total publications and citations to assess total impact. 16 A 2010 JNS paper ranked Pitt and the University of Virginia tied for first among American and Canadian neurosurgical departments using an impact metric based on citations received and restricted to publications in high-impact journals. 17 Additionally, in an article in the British Journal of Neurosurgery in 2011, a bibliometric study acknowledged Pitt Neurosurgery as the global leader in stereotactic publications from 1993 to 2008. 18 The first year of residency now puts a stronger emphasis on transition from medical school to practicing physician in an increasingly complex medical world. This year includes rotations on clinical neurosurgery (3 mo), critical care medicine (6 mo that include 2 mo each in neuro intensive care unit [ICU], trauma ICU, and surgical ICU), emergency medicine (1 mo), and neurology (2 mo). The second postgraduate year (PGY-2) provides an in-depth introduction to patient care, surgical technique acquisition, and development of critical decision-making skills in both adult and pediatric neurosurgery. Year 3 offers experience in neuropathology, cerebrovascular surgery including angiography, as well as significant experience with stereotactic radiosurgery, functional neurosurgery, and neuro-oncology. The third year also sends the residents to 1 of the 6 weeklong stereotactic radiosurgery courses given each year at UPMC, as well as the annual 1-week Research Update in Neuroscience for Neurosurgeons course in Woods Hole, Massachusetts. This course is directed by department chair Friedlander and Duke Neurosurgeon Allan H. Friedman, MD. PGY-4 residents now have senior responsibilities that provide in-depth experience in progressively more complex cases. Three months of year 4 is dedicated to final pediatric skill acquisition designed to meet the final training goal for this subfield. The fifth and sixth years have continued the emphasis in research and careerfocused training, no doubt a contributing factor to Pitt's highlevel production of academic neurosurgeons. These 2 years can follow the 'Clinical Investigator Path' with 18 mo of subspecialty training and an expectation of 4 to 6 publications along with presentations, or the 'Surgeon Scientist Investigator Path' working for 18 mo pursuing academic research. The PGY-6 year is protected from clinical engagement not related to a selected, focused area to maximize focus on academic career development. The seventh, and final, 'chief ' year, sees residents take on even more complex procedures to prepare them for the responsibilities expected of an attending surgeon and emphasizes their role as leaders and instructors to the more junior residents. By completion of the program, most residents perform 1500 to 2500 surgical procedures, publish a range of 7 to 40 peer-reviewed publications, and gain management skills as patient caregivers and educators. 1, 2 Of the most recent graduating class, all 3 residents secured academic positions.
RESEARCH AND CENTERS OF EXCELLENCE
Research has been a hallmark of the Pitt neurosurgical department since before Dr Jannetta's arrival. During the chair- manship of Dr Lunsford, UPMC was acknowledged as a research leader in neurosurgery and since Dr Friedlander's arrival in 2010, funding has more than doubled to over $10 000 000 in 2016 ( Figure 11) . Together, the research faculty and residents had 129 grant projects approved in 2016. 1 Of note, UPMC has supported the decision of the Department of Neurosurgery to focus on "centers of excellence" that further facilitate both research and clinical care in several neurosurgical subspecialties (Supplemental Digital Content 1).
CONCLUSION
Over the past 80 yr, The University of Pittsburgh's Neurosurgical department has impacted the manner in which neurosurgery is delivered throughout the world in many ways. The impact extends from clinical care and diagnosis to training and, most importantly, excellence in patient care. Today, the referred patient database stretches beyond the city limits, both nationally and internationally. A city whose smokestacks used to dampen the sun, Pittsburgh has remodeled itself on the foundation of a burgeoning biomedical and scientific scene. Pitt neurosurgery continues to evolve, innovate, and expand. Its guiding principle is to train the future leaders of academic neurosurgery and to continue to push the field forward.
